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FIELD OF THE INVENTION 

The invention relates to a method for preparing 
human antithrombin-lll. 

5 

BACKGROUND OF THE INVENTION 

Antithrombin-lll (AT-III) is an o 2 globulin known 
to inhibit the coagulation of blood. AT-III acts es- 
sentially as an irreversible inhibitor. It is' believed w 
that AT-III inhibits serine proteases in plasma dur- 
ing the activation of either the coagulation or the 
fibrinolytic systems. AT-III has significant inhibitory 
activity of factor Xa and thrombin. 

Families congenitally deficient in AT-III have a 75 
high incidence of thromboses. Administration of 
AT-lll to patients with thrombotic disorders has 
been attempted. 

There are reports of attempts to purify AT-III 
from human plasma and plasma pastes using con- 20 
ventional techniques. However, those procedures 
were lengthy or. the yields were poor. A substantial 
improvement in the purification methodology took 
place with the incorporation of an affinity 
chromatography step using purified heparin as the 25 
solid phase bound ligand. 

Damus & Wallace (Biochem. Biophys. Res. 
Comm. . 61 (4); 1147, 1974) purified canine AT-III in 
a scheme that incorporated heparin-Sepharose 
chromatography. Heat defibrinated plasma was 30 
passed over a small column containing heparin- 
Sepharose at 8'C. The end product was still het- 
erogeneous as determined by the distribution of 
specific activity throughout the elution profile. 

Miller-Andersson et al. ( Thromb. Res. , 5:439, 35 

1974) teaches the use of heparin-Sepharose to 
purify human AT-III. Citrated human plasma that 
had been frozen immediately after removal of 
blood cells by centrifugation was added in batch 
fashion to heparin-Sepharose at 5 • C. The gel sus- 40 
pension then was poured into a column, allowed to 
settle and the adsorbed material was eluted with a 

salt gradient. The entire procedure, which included 
ion exchange and gel filtration chromatography, 
provided a 34% yield. The large number of 45 
chromatographic separations minimizes the pos- 
sibility of large scale production of AT-III by that 
method. 

Thaler & Schmer ( Br. J. Haemat. . 31:233, 

1975) described an isolation procedure for human so 
and bovine AT-III that involved heparin-agarose 
chromatography and polyethylene glycol precipita- 
tion. All procedures were carried out at 4 • C. Either 
chromatography or precipitation can serve as the 
initial step in the purification scheme. 55 

Wickerhauser et al. ( Vox Sang ., 36:281, 1979) 
describes a large scale method for the preparation 
of AT-III from plasma or from Cohn fraction IV-1. 



The method begins with a polyethylene glycol pre- 
cipitation followed by batch adsorption on heparin- 
Sepharose, desalting by ultrafiltration and followed 
by pasteurization of the final product. The recovery 
by activity was 32% from plasma and 16% from 
Cohn fraction IV. All purification steps were carried 
out at 5 • C. 

SUMMARY OF THE INVENTION 

An object of the instant invention is to provide 
a simple, robust method for purifying human AT-III 
present in an ethanol-containing solution. 

A further object of this invention is to adapt AT- 
III purification methods in which immobilized 
heparin is employed as a ligand to ethanol solu- 
tions containing AT-III. 

Still another object of this invention is to pro- 
vide a purified AT-III from Conn's fractions II + III 
supernatant. 

The above and other objects have been 
achieved by providing a method in which an al- 
coholic solution containing AT-III such as an 
ethanolic human plasma supernate is exposed to a 
heparin affinity gel matrix at temperatures below 
4 • C. Preferably, the process temperature is below 

o-c. 

DETAILED DESCRIPTION OF THE INVENTION 

An alcohol-containing human plasma fraction is 
a suitable starting material for this invention. 
Conn's fractions II + III supernatant is a preferred 
starting material. Cohn's fractions II + III super- 
natant contains about 20% ethanol. 

The heparin is monomeric heparin which is 
coupled to insoluble solid supports comprised of, 
for example, polysaccharide, silica gel or fibers. 
Examples of such solid supports are agar, agarose, 
cross-linked agarose, cellulose, silica, nylon and 
the like as is known in the art. 

The purification is obtained by exposing the 
alcoholic plasma fraction to the heparin gel matrix 
at temperatures of about +3'C to about -10 'C 
and preferably at temperatures below O'C. Particu- 
larly preferred is a purification conducted at -6 • C. 

If the purification is conducted in a batch pro- 
cess, ligand bound AT-III can be removed from the 
II + III supernatant-gel matrix mixture by conven- 
tional methods, such as centrifugation. 

The AT-III is eluted from the heparin-gel matrix 
by conventional methods, such as exposure to high 
salt buffers, for example 2 M NaCI. 

Optionally, the purified AT-III solution can be 
treated by heat, for example, at about 60 "C for 
about 10 hours in about 0.2 M to about 0.6 M 
citrate buffer at a pH of about 7 to about 8, or with 
detergent, for example, exposure to detergent at 
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about 20 • C to about 40 • C for about 30 minutes to 
about 10 hours followed by removal of the deter- 
gent by conventional methods such as chromatog- 
raphy, to inactivate any viruses present. For exam- 
ple. Horowitz et al. ( Transfusion , 25 (6):516, 1985) 5 
teaches inactivation of viruses using detergents 
such as tri(n-butyl)phosphate (TNBP) or Tween-80. 

In one embodiment, Cohn's fractions II + III 
supernatant is mixed in a batch adsorption proce- 
dure with a solid phase bound heparin, such as io 
heparin-Sepharose (Pharmacia) or heparin-Actigel 
Superflow (Sterogene) and the suspension is in- 
cubated at reduced temperature, that is at or below 
+ 3*C, most preferably at 0 to -6'C. Prior to 
exposure of the solid phase heparin to the plasma rs 
fraction, the heparin-Sepharose is washed with an 
alcoholic solution, for example, a 20% ethanol solu- 
tion, a preferred alcohol and concentration for use 
in the instant invention. Another suitable washing 
solution is a 25% ethanol solution. The heparin- 20 
Sepharose then is separated from the liquid phase. 

In another embodiment, the heparin-solid 
phase matrix is packed into a column and the 
plasma alcoholic fraction is passed over the col- 
umn. Again, the solid phase heparin is washed 25 
prior to and following packing in the column with an 
alcoholic solution, for example a 20 to 25% ethanol 
solution. 

When the Cohn's fraction II + III supernatant is 
treated herein at very low temperatures below 4 • C, 30 
other important proteins found therein, such as 
albumin, haptoglobin, alpha-1 protease inhibitor, 
IgA, etc., that might be denatured due to the pres- 
ence of alcohol at 4*C or higher are unaffected. 
Also, the alcohol is useful in preventing freezing of 35 
the solid phase at the cold temperatures used in 
the separation step. 

The invention now will be described in the 
following non-limiting examples. 

40 

EXAMPLE 1 

Cohn's fractions II + III supernatant was ob- 
tained from human plasma as taught in Cohn et al. 
( J. Am. Chem. Soc , 72, 465 (1950)) at -4- C to - 45 
6'C. Heparin-Actigel Superflow (Sterogene) was 
washed with a 20% ethanol solution at -4"C to 
-6'C and packed into a 100 ml column at -6'C. 
Then, 1,500 ml of fraction II + III supernatant was 
passed over the column. 50 

After the application, the column was washed 
with 50 ml of 20% ethanol. This wash fraction was 
processed by Cohn's method to obtain albumin. 
The column was washed with 0.3 M NaCI solution 
to remove nonspecifically bound proteins. AT-III 55 
was eluted with 2 M NaCI solution. The AT-III was 
concentrated by ultrafiltration (Filtron, Omega, 
10K). 



As a virus inactivation treatment, 1 v/v% of 
Tween-80 and 0.3 v/v% TNBP were added to the 
concentrated AT-III solution and incubated at 30 • C 
for 6 hours. The detergents were removed by ion 
exchange chromatography (DEAE-Sephadex or 
heparin affinity chromatography). 

The AT-III solution (50 u/ml) was lyophilized 
under sterile conditions. 

The yield of AT-III from Cohn's fractions II + III 
supernatant was 60% and impurity proteins such 
as albumin, globulin, transferrin and the like were 
not detected by electrophoresis on cellulose ace- 
tate membrane ((Jowkin, M., et al. PNAS, USA 76, 
4350 (1978)) and polyacrylamide (Laemmli, U.K., et 
al. Nature , 227, 680 (1970)). 

EXAMPLE 2 

Two liters of Cohn's fractions II + III super- 
natant at -4 ■ C were mixed with 200 ml of heparin- 
Sepharose (Pharmacia), previously washed with 
20% ethanol at -6*C, and the mixture was stirred 
for 60 minutes at -4*C. The heparin-Sepharose 
was collected by filtration and washed with 100 ml 
20% ethanol at -4'C and with 500 ml of 0.3 M 
NaCI at -4 • C. The AT-III was eluted as described 
in Example 1. 

For virus inactivation, 0.5 M sodium citrate was 
added to the ultrafiltration concentrated AT-III solu- 
tion. The pH of the solution was adjusted to 7.5 
and then the solution was heated at 60 "C for 10 
hours. After the heat treatment, the sodium citrate 
was removed by ultrafiltration. 

The AT-III solution (50 u/ml) was lyophilized 
under sterile conditions. 

The AT-III yield from the fraction II and III 
supernatant was 70% after the heparin treatment 
and 55% after the heat treatment. Impurity proteins 
such as albumin, globulin, transferrin and the like 
were not detected by electrophoresis. 

It will be apparent to those skilled in the art that 
the invention can be modified without departing 
from the spirit of the instant invention. Any such 
modifications coming within the spirit and scope of 
the following claims are considered equivalent 
thereto. 

Claims 

1. A method for obtaining human antithrombin III 
comprising the steps of: 

(a) obtaining an alcoholic solution of human 
plasma containing human antithrombin III; 

(b) exposing said alcoholic solution to solid 
phase bound heparin to form a mixture at a 
temperature of between + 3'C to -10 'C 
and bind antithrombin III to said heparin; 
and 
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(c) separating said solid phase bound 
heparin from said solution; and 

(d) eluting said human antithrombin III from 
said bound heparin to obtain an antithrom- 
bin III solution. 5 

2. The method of claim 1 , wherein said antithrom- 
bin III solution is treated to inactivate virus. 

3. The method of claim 2, wherein said virus w 
inactivation treatment is a heat treatment. 

4. The method of claim 2, wherein said virus 
inactivation treatment is a detergent treatment. 

75 

5. The method of claim 1 , wherein said alcoholic 
solution of human plasma is Cohn's fraction II 
+ III supernatant. 

6. The method of claim 1, wherein said exposing 20 
step (b) is at a temperature of 0 • C to -10 • C. 

7. The method of claim 1 , wherein said exposing 
step (b) is at a temperature of 0 to -6 • C. 

25 

8. The method of claim 1 , wherein said exposing 
step (b) is at a temperature of about -6 * C. 

9. The method of claim 1 , wherein said alcoholic 
solution of human plasma comprises ethanol. 30 

10. A method for purifying an alcoholic solution 
containing human antithrombin III and other 
protein comprising the steps of 

(a) exposing said alcoholic solution to solid 35 
phase bound heparin to form a mixture at a 
temperature of between +3°C to -10 "C 

and bind antithrombin III to said heparin; 
and 

(b) separating said solid phase bound 40 
heparin from said solution; and 

(c) eluting said human antithrombin III from 
said bound heparin to obtain a purified an- 
tithrombin III solution. 

45 

11. The method of claim 10, wherein said alcohol 
is ethanol. 

12. The method of claim 10, wherein said alcoholic 
solution is Cohn's fraction II + III supernatant. so 

13. The method of claim 12, wherein said expos- 
ing step (a) is at a temperature of 0"C to 
-10-C. 

55 

14. The method of claim 12, wherein said expos- 
ing step (a) is at a temperature of 0 to -6 • C. 



15. The method of claim 12, wherein said expos- 
ing step (a) is at a temperature of about - 6 • C. 

16. The method of claim 12, wherein said solid 
phase bound heparin is washed with an al- 
coholic solution prior to said exposing step (a). 

17. The method of claim 16, wherein said washing 
is carried out using a 20 to 25% ethanol solu- 
tion in water. 

18. The method of claim 12, wherein said antith- 
rombin III solution is treated to inactivate virus. 

19. The method of claim 18, wherein said virus 
inactivation comprises a heat treatment or a 
detergent treatment. 

20. A purified human antithrombin III solution ob- 
tained by the process of claim 12. 

21. A solution of human antithrombin III obtained 
by the process of claim 5. 
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